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Objective > The aim of this study was to determine the association between transverse maxillary
discrepancy and occurrence of potentially impacted maxillary canines in mixed dentition patients.
Material and methods > This cross-sectional analytical study was conducted on 85 Pakistani sub-
jects (32 males and 53 females) aged between 8 to 13 years, having good quality orthopantomo-
graphs and dental casts. Maxillary transverse discrepancy was assessed by subtracting the
mandibular intermolar width from the maxillary intermolar width on dental cast. Maxillary lateral
incisors and canines were traced from orthopantomographs, and canines were placed into sector
classification. Chi-square test was used to determine the difference in the occurrence of potentially
impacted maxillary canines between patients with maxillary transverse discrepancy and patients
without maxillary transverse discrepancy.
Results > There was no significant difference seen in the occurrence of impacted maxillary canines
in patients with and without maxillary transverse discrepancy in mixed dentition patients.
Conclusion > Patients with maxillary transverse discrepancy may not be at a higher risk of palatal








Lien entre déficit transversal du maxillaire et incidence des canines maxillaires incluses
chez les patients en denture mixte
Objectif > Le but de cette étude était de déterminer le lien entre un déficit transversal du
maxillaire et l'incidence des canines maxillaires incluses chez les patients en denture mixte.
Available online:
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Q215 The ectopic eruption and impaction of maxillary permanent
16 canines is a frequently encountered clinical problem. Maxillary
17 canine is the most commonly impacted tooth in the dental arch
18 after the third molar [1–5]. Its impaction has been reported in
19 approximately two percent of the patients reporting for ortho-
20 dontic treatment [2,6]. Maxillary canines are ten times more
21 commonly impacted than their mandibular counterparts [7,8].
22 Palatal impactions (85%) are reported to be more common than
23 the labial (15%) impactions [1,2,9–11], with unilateral impac-
24 tions being more prevalent than the bilateral impactions [12].
25 Similarly, maxillary canine impaction is more frequently seen in
26 females and is commonly seen in association with peg-shaped
27 or missing lateral incisors [13].
28 From a developmental point of view, no tooth is more interest-
29 ing than the maxillary canine, as it develops lateral to the
30 piriform fossa, and follows a long tortuous path to erupt into
31 the occlusal plane only after the eruption of adjacent teeth [14].
32 Crowns of maxillary permanent canines are in close relation
33 with the roots of the lateral incisors thus making an orthodontist
34 cautious to keep an eye on early correction of flared and distally
35 tipped lateral incisors and to prevent impaction of canines or
36 resorption of the roots of lateral incisors [15].
37 Impacted canines may be caused due to systemic condition like
38 some endocrine disorder or radiation exposure or more com-
39 monly due to lack of space, delayed or early shedding of
40 deciduous canine, cleft of alveolus, ectopic position of tooth
41 germ, lack of development or deviation in morphology of max-
42 illary lateral incisor [2,16–18].
43 Genetic factors including race, gender and supernumerary teeth
44 may also play an important role in its etiology. Impacted canines
45 are reported more frequently in females and Caucasians with
46 palatal canine impaction being more predominant in Caucasians
47 as compared to Asians [7,12,17]. Congenitally missing teeth
48have been reported in about 33% of patients having impacted
49canines [19].
50Thorough clinical and radiographic examination can aid in early
51detection of the possible impaction of maxillary canines even in
52patients aged 9 to 10 years. Clinically, buccal bulge palpated on
53digital examination above the primary canine root, in an apical
54area has been recommended as a tool for early diagnosis.
55During the clinical examination, the permanent lateral incisors
56should also be carefully checked. Abnormal position or angula-
57tion of lateral incisors may also indicate towards a mesially
58drifted canine which in turn may become impacted.
59An additional complication regarding location of the impaction is
60the preponderance of palatal impactions over buccal impactions
61with a reported ratio of 3:1 [20]. Labial displacement of maxil-
62lary canine is usually due to inadequate dental arch space which
63delays eruption, but rarely leads to an impaction [14]. However,
64palatally impacted canines are reported to occur in patients with
65adequate arch length, along with other dental anomalies, like
66missing and malformed teeth [4,5,18].
67Transverse maxillary deficiency is one of the most frequent
68findings in primary and mixed dentitions. A transpalatal width
69of 36–39 mm in the maxillary arch may accommodate teeth
70without spacing or crowding, however with a maxillary arch
71width less than 31mm crowding may be present [21] McConnell
72et al. [22] reported presence of impacted maxillary canines in
73patients having a narrow maxillary anterior dental arch.
74Radiographs such as orthopantomograms, occlusal films, peri-
75apical films and lateral cephalograms are usually used to aid in
76diagnosing the canine position. The mesiodistal position and
77angulation of the canine crown on an orthopantomogram can
78possibly predict treatment success [6,10,23]. Ericson and Kurol
79[9] reported less likelihood of eruption of a more mesially
80positioned canine crown following extraction of deciduous
81canine. Power and Short [10] reported a decreased chance of
Matériel et méthodes > Cette étude analytique transversale a été menée sur 85 sujets pakistanais
(32 hommes et 53 femmes) âgés de 8 à 13 ans, dont les radiographies panoramiques et les
empreintes dentaires étaient de bonne qualité. Le déficit transversal du maxillaire a été calculé
en mesurant la différence entre les largeurs intermolaires maxillaires et mandibulaires sur les
moulages. Les incisives latérales et les canines maxillaires ont été tracées à partir des panor-
amiques, et les canines ont été classées par secteur. Le test du x2 a été utilisé pour comparer
l'incidence des canines maxillaires incluses chez les patients avec et sans déficit transversal
maxillaire.
Résultats > Aucune différence significative n'a été observée concernant l'incidence des canines
maxillaires incluses chez les patients en denture mixte avec ou sans déficit transversal du
maxillaire.
Conclusion > Les patients ayant un déficit transversal du maxillaire peuvent ne pas présenter un
risque plus élevé d'inclusion palatine des canines. La présence radiologique des canines dans les
secteurs II, III et IV constitue un risque plus élevé d'inclusion canine.
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82 eruption of maxillary canine with an angulation greater than 318
83 to the midline. Lindauer et al. [23] determined the probability of
84 impaction based on the location of the canine cusp tip in one of
85 the four sectors, regarding its relationship to the adjacent lateral
86 incisor. Jung et al. [24] in their study reported that canines in
87 panoramic Sectors I, II and III were more frequently in a labial
88 position on the CBCT (cone beam computed tomography), how-
89 ever canines in Sector IV were seen to be in the mid alveolus
90 position.
91 Maxillary canine impaction is complex in its aetiology, local-
92 isation, response to preventive treatment and prediction. Early
93 diagnosis and detection of a potentially impacted maxillary
94 canine reduces the need for complicated orthodontic treatment
95 which involves substantial time and cost. Alessandri et al. [14]
96 reported that interceptive treatment like extraction of deciduous
97 maxillary canine and first molar shows significant improvement
98 in intrabony position of impacted canines. Baccetti et al. [15] in
99 their randomized controlled trial showed that treatment with
100 transpalatal arch was as effective as treatment with combina-
101 tion of rapid palatal expansion and transpalatal arch in cases
102 with palatally displaced maxillary canines. The aim of this study
103 was to determine the association between transverse maxillary
104 discrepancy and occurrence of potentially impacted maxillary
105 canines in mixed dentition patients. A secondary objective was
106 to determine the distribution of impacted maxillary canines
107 according to sector. The evaluation of potentially impacted
108 maxillary canines at an early stage in subjects with maxillary
109 transverse deficiency will be helpful in orthodontic diagnosis
110 and treatment planning.
111 Methods
112 The present study was a cross-sectional comparative study
113 carried out using pretreatment records of patients attending
114 the Orthodontic Clinic, from 2002 to 2008. Pakistani patients
115 aged between 8 to 13 years, having good quality orthopanto-
116 mographs (OPG) and dental casts were included. The exclusion
117 criteria were as follows: patients with missing teeth or dental
118 anomalies like malformed teeth, transpositions and impactions,
119 systemic diseases affecting growth and development and his-
120 tory of previous orthodontic and/or orthopaedic treatment.
121 In our study, mixed dentition was defined as "a period in which
122 the maxillary canines were unerupted and at least the primary
123 second molars were retained''. Maxillary transverse discrepancy
124 was calculated by subtracting the mandibular intermolar (IM)
125 width of the arch from the maxillary intermolar (IM) width. IM
126 width was measured with a digital vernier caliper (Micrometre
127 400-044, Apogee electronic kits and tools, resolution of 0.0005
128 in/0.01 mm). Figure 1 shows the measurement of maxillary
129 and mandibular inter molar widths. The maxillary IM width was
130 measured as "the distance between the mesio-lingual cusp tips
131 of the right and left first permanent molars''. The mandibular IM
132 width was measured as "the distance between the central
133fossae of the right and left first permanent molars''. The differ-
134ence between the maxillary and mandibular IM widths was then
135recorded and patients having negative difference in intermolar
136widths were placed in Group I i.e. maxillary transverse discrep-
137ancy group, whereas patients with positive difference in inter-
138molar widths were placed in Group II i.e. without maxillary
139transverse discrepancy group. The maxillary lateral incisors
140and canines were traced on an acetate sheet from the pan-
141oramic radiographs of both the groups. The traced lateral incisors
142and canines were analysed using the Sector Classification [23] as
143shown in figure 2. According to sector classification, "sector I is
144the area distal to a line tangent to the distal heights of contour
145of the lateral incisor crown and root. Sector II is mesial to sector I
146but distal to a line bisecting the mesiodistal dimension of the
147lateral incisor along the long axis. Sector III is mesial to sector II
148but distal to a line tangent to the mesial heights of contour of
149the lateral incisor crown and root. Sector IV included all areas
Figure 1
Measurements of maxillary and mandibular inter molar widths
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150 mesial to sector III''. Patients with sector I were classified as
151 having no potential maxillary canine impaction, whereas,
152 patients falling in sector II, III and IV were classified as having
153 potentially impacted maxillary canines [23].
154 Data analysis were analyzed using the Statistical Package for
155 Social Sciences for Windows version 16.0 (SPSS Inc., Chicago,
156 Illinois, USA). Descriptive statistics were used to calculate means
157 and standard deviations of age, maxillary intermolar widths and
158 mandibular intermolar widths. Frequency was calculated for
159 gender and potentially impacted canine. The mean age for
160 subjects in Group I (maxillary transverse discrepancy) was
161 9.96  1.25 and for Group II subjects (no maxillary transverse
162 discrepancy) was 10.22  1.35. The mean maxillary and man-
163 dibular intermolar widths for Group I subjects were 38.8  2.29
164 and 40.7  2.37 respectively. For the Group II subjects the mean
165 maxillary and mandibular intermolar widths were 40.5  2.34
166 and 39.8  2.51 respectively. 41.3% of group I subjects were
167 male and 58.7% were female. However, in Group II 33.3% of
168 subjects were male and 66.7% were females. The percentage of
169 unilateral canine impactions in Group I was 45.6% and in Group
170 II was 35.9%. Bilateral canine impactions in Group I were
171 reported to be 13% and in Group II 25.6%.
172Chi-square test was used to determine the difference in the
173occurrence of potentially impacted maxillary canines between
174Group I (patients with maxillary transverse discrepancy) and
175Group II (patients without maxillary transverse discrepancy).
176Chi-square test was also used to assess the frequency of type
177of impaction, unilateral or bilateral in both the groups. All
178statistical tests were two tailed and P-value of < 0.05 was
179considered to be significant. Twenty patients were randomly
180selected and their casts and orthopantomograms were mea-
181sured again after a period of one month to rule out measure-
182ment error. Pearson's correlation was used to assess the
183correlation amongst the two readings and a statistically signifi-
184cant correlation was observed between the two measurements
185(r = 0.898, P < 0.05).
186Results
187A total of 85 subjects (32 males and 53 females) meeting the
188selection criteria were included. Mean age for Group I (with
189maxillary transverse discrepancy) was 9.96  1.25 years
190whereas for Group II (without maxillary transverse discrepancy)
191was 10.22  1.35 years. In Group I (with maxillary transverse
192discrepancy), the mean maxillary IM width was 38.8
 2.29 mm and the mean mandibular IM width was 40.7
 2.37 mm with a mean difference between maxillary and
195mandibular IM width of -1.9  1.37 mm. In Group II (without
196maxillary transverse discrepancy), the mean maxillary IM width
197was 40.5  2.34 mm and the mean mandibular IM width was
19839.8  2.51 mm with a mean difference between maxillary and
199mandibular IM width of 0.8  0.52 mm.
200Table I depicts the distribution of maxillary canine impaction in
201group I and group II. This table shows that there is no statistically
202significant difference (P = 0.79) in distribution of canine impac-
203tion in Group I (with maxillary transverse discrepancy) and
204Group II (without maxillary transverse discrepancy).
205Table II shows the distribution of impacted maxillary canines
206according to sector classification in group I and group II. In order




Distribution of maxillary canine impaction in Group I and Group II.
Group No potential canine
impaction (sector I), n (%)
Potential canine
impaction (sector II, III, IV), n (%)
P-value
Group I (with maxillary transverse discrepancy)
n = 46
19 (41.3) 27 (58.7) 0.79
Group II (without maxillary transverse discrepancy)
n = 39
15 (38.5) 24 (61.5)
Total observations 34 (40) 51 (60)
n = 85. Chi-square test.
*P-value < 0.05.
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208 comprehensively between both the group-combinations of sec-
209 tor classification were made for the right and left side.
210 Unilateral impactions in both the groups are seen in sector II
211 only, with 41.2% of our study sample showing a potentially
212 impacted unilateral maxillary canine. The most frequent bilat-
213 eral potential maxillary canine impaction was also seen in sector
214 II, with six patients in Group I and eight patients in Group II
215 exhibiting this malocclusion.
216 Table III shows the distribution of unilateral and bilateral poten-
217 tial maxillary canine impaction in both the groups and depicts
218 that there was no significant difference (P = 0.13) found in the
219 distribution of unilateral and bilateral potential maxillary canine
220 impaction in both the groups.
221 Discussion
222 Recognizing early canine displacement and predicting its failure
223 to erupt in the arch is one of the fundamental aspects in the
224management of an impacted permanent maxillary canine.
225Potentially impacted maxillary canines using various diagnostic
226parameters are usually identified on a panoramic film. Similarly,
227in the current study, orthopantomograph was used to predict
228potential maxillary canine impaction in the early mixed denti-
229tion stage using sector classification. Warford et al. [11] reported
230sector location to be the best predictor for canine impaction.
231Schindel and Duffy [25] also used sector as a predictor for
232potential maxillary canine impaction and reported that potential
233maxillary canine impactions were seen in sectors II, III or IV.
234Likewise, Lindauer et al. [23] reported that 78% of their total
235study sample fell in sector II, III and IV. Warford et al. [11] found
236similar results with 82% of impacted canines were found in
237sectors II to IV. Based on the above studies [11,23,25], a canine
238was classified as impacted if it was located in sectors II, III or IV.
239Based on the results of the above studies [11,23,25], sector
240classification was used as a predictor for potential canine
TABLE III
Distribution of unilateral and bilateral potential maxillary canine impaction in Group I and Group II.
Groups Unilateral impaction, n (%) Bilateral impaction, n (%) P-value
Group I (with maxillary transverse discrepancy)
n = 46
21 (46) 6 (13) 0.135
Group II (without maxillary transverse discrepancy)
n = 39




n = 85. Chi-square test.
*P-value < 0.05.
TABLE II
Distribution of impacted maxillary canines according to sector classification in Group I and Group II.
Sector classification right (R) to left (L) Groups
Group I (with maxillary transverse
discrepancy)
n = 46, n (%)
Group II (without maxillary transverse
discrepancy)
n = 39, n (%)
Total
n = 85
I (no potential impaction) 19 (41.3) 15 (38.5) 34
II R 10 (21.7) 6 (15.4) 16
II L 11 (24) 8 (20.5) 19
II & II 6 (13) 8 (20.5) 14
II & IV 0 (0) 1 (2.5) 1
III & II 0 (0) 1 (2.5) 1
Total 46 (100) 39 (100) 85
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241 impaction on orthopantomographs in the current study. In our
242 study out of a total of 170 maxillary canines 60% were seen to
243 fall in sector II, III and IV and therefore, being classified as
244 potentially impacted. Based on their study results, Warford
245 et al. [11] concluded that maxillary canines falling in sector I
246 would not be impacted and are therefore not clinically signifi-
247 cant. Canines falling in sector III and IV were destined to be
248 impacted and would ultimately require surgical exposure. How-
249 ever, canines found in sector II had potential to become
250 impacted and any interceptive procedure undertaken during
251 mixed dentition stage like extraction of deciduous canine or
252 expansion of arch would prevent future impaction, thus saving
253 future time, cost and complicated surgical procedures. In our
254 study 41.3% of the canines in Group I (with maxillary transverse
255 discrepancy) and 38.5% of the canines in Group II (no maxillary
256 transverse discrepancy) were in Sector I, indicating no potential
257 for impaction. The percentage of canines falling into Sector III
258 and IV was only 5% in the Group II (no maxillary transverse
259 discrepancy) subjects. No canines were found to be in Sector III
260 and IV in the Group I (with maxillary transverse discrepancy)
261 subjects. An association was reported between maxillary trans-
262 verse deficiency and maxillary canine impaction by McConnell
263 et al. [22]. Their results showed that intercanine arch width was
264 deficient in patients with maxillary canine impactions compared
265 with controls. There was no difference in the intermolar arch
266 widths between the two groups. Similarly other studies [25–27]
267 have also reported potentially impacted canines in patients with
268 maxillary transverse discrepancy.
269 However, in contrast to the above study, our study results
270 depicted that there was no significant association between
271 maxillary transverse discrepancy and occurrence of potentially
272 impacted maxillary canines (P = 0.79). Similar results have been
273 reported in the literature, where transverse dimensions of the
274 maxilla have not been significantly associated with palatably
275 impacted canines [28,29]. In the current study the mean age of
276 the patients with maxillary transverse discrepancy was 9.9 years
277 and the patients without maxillary transverse discrepancy had a
278 mean age of 10.2 years. The patients having maxillary trans-
279 verse discrepancy had mean maxillary intermural width of
280 38.8 mm with mean mandibular intermural width of
281 40.7 mm. The mean transverse discrepancy computed between
282 the maxilla and the mandible in our study group was 1.9 mm.
283 Similarly, Lang erg and Peck [4] that there was no maxillary
284 transverse discrepancy in subjects presenting with palatal
285 canine impactions. Based on their study results, Lang erg and
286 Peck [4] argued that in McConnell et al.'s [22] study the precise
287 position of the impacted maxillary canines was not identified.
288 McConnell et al. [22] attempted to predict the site of eruption of
289 the maxillary canine in the dentoalveolar arch. Both the above
290 studies [4,22] measured maxillary widths on dental casts. In
291 order to avoid further radiation exposure of posteroanterior
292 radiographs, the current study also used dental casts for
293measuring maxillary and mandibular intermolar widths. Since
294in above studies [4,22] dental casts were used to evaluate the
295transverse discrepancy therefore the association between actual
296transverse skeletal discrepancy with maxillary canine impac-
297tions cannot be commented upon. This was also the limitation of
298the current study, as we could not select our patients according
299to skeletal transverse discrepancy based on posteroanterior
300cephalographs. However in contrast to the above study [4],
301Schindel and Duffy [25] found an association between poten-
302tially impacted maxillary canines and maxillary transverse dis-
303crepancy in mixed dentition patients. In their study they
304predicted that there were significantly less 'no canine impac-
305tions' in the maxillary transverse deficiency group (46.4%)
306compared with the non deficient group (81%). In contrast,
307our study results depict no significant difference (P = 0.79) in
308the occurrence of no canine impactions (41.3%) in the maxillary
309transverse discrepancy group when compared with the subjects
310having no canine impactions (38.5%) without maxillary trans-
311verse discrepancy. Sambataro et al. [2] and McConnell et al. [22]
312reported that approximately 8% of the impactions were bilateral
313canine impactions. Similarly, Schindel and Duffy [25] concluded
314in their study, that the experimental group constituted of 80%
315unilateral and 20% bilateral impacted canines. Whereas 74%
316were unilateral and 26% were bilateral canine impactions in the
317control group. On the basis of their study results they concluded
318that unilateral impactions were more commonly found in
319patients with maxillary transverse discrepancy.
320In agreement with the above studies [1,22,25], our findings
321depict that the patients with maxillary transverse discrepancy
322had 46% unilateral impactions and 13% bilateral impactions.
323Similarly patients without maxillary transverse discrepancy
324showed 36% unilateral and 26% bilateral impactions. Thus
325on the basis of these results, the present study concludes that
326patients irrespective of maxillary transverse discrepancy are
327seen to have more potential maxillary unilateral impactions
328than bilateral impactions.
329Schindel and Duffy [25] computed the percentage of sector
330combinations for unilateral impacted canines (right and left
331canine sector classification) and reported 97.2% and 2.8% of
332the unilaterally impacted canines, in the transverse deficiency
333group, to be found in Sector II and IV respectively. For the non-
334deficient group, 78.6% and 21.4% of the unilateral impacted
335canines were found in Sector II and Sector III respectively.
336Our study results also depict the percentage of sector combi-
337nations for unilaterally impacted canines (right canine sector
338classification, left canine sector classification) and found that for
339the patients with or without maxillary transverse discrepancy, all
340unilaterally impacted canines were in sector II and none of the
341unilateral canines were observed in sector III or IV.
342As far as the percentage of sector combinations with regards to
343right and left sides, for bilateral canine impactions for both
344groups in our study is concerned, sector "II, II'' was most
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345 commonly seen in both the groups followed by "II, IV'' and "III,
346 II'' in the group without maxillary transverse discrepancy. No
347 other sector combination for bilateral canine impaction was
348 observed in patients with maxillary transverse discrepancy.
349 Similarly, Schindel and Duffy [25] found the sector combination
350 "II, II'' to be most common in both the groups in their study. In
351 their experimental group, 22.2% were located in sector combi-
352 nation "III, II'' and 11.1% were located in sector combination "IV,
353 III''. For the control group, 40% were located in sector combina-
354 tion "II, III''. In our study, for group I (with maxillary transverse
355 discrepancy) the percentage for sector "II R'' was 21.7%, for
356 sector "II L'' was 24% and for sector combination "II, II'' was 13%.
357 No other sector combinations occurred for group I. Whereas for
358 group II (without maxillary transverse discrepancy), percentage
359 for sector "II R'' was 15.4%, for sector "II L'' was 20.5%, percent-
360 age for sector combination "II, II'' was 20.5%, for sector "III, II''
361 and "II, IV'' was 2.5% respectively. No other sector combination
362 occurred in the control group II.
363 Early mixed dentition is the best time to diagnose a potentially
364 impacted canine. This is the time when the canine starts to
365 descend in the arch. Presently, various modalities including
366 extracting deciduous canines and expanding a constricted max-
367 illary arch are commonly used to prevent potential maxillary
368 canine impaction [7].
369 Ericson and Kurol [7] found that a normal eruption of the
370 maxillary canine is seen in 78% of palatally displaced canines
371 after extracting the deciduous canine. McConnell et al. [22] also
372 recommend orthopedic expansion of the maxilla to aid in inter-
373 cepting palatally erupting canines to a proper position in the
374 arch.
375 The diagnostic accuracy of three dimension-computed tomog-
376 raphy in assessment of impacted canines has been shown to
377range between 50 and 90% as compared to orthopantomo-
378gram, which ranges between 39 and 85% [30]. It is therefore
379recommended that further studies may be carried out using this
380three-dimensional technique for better accuracy.
381Based on this study, it is important to be aware of potential
382maxillary canine impaction in the presence or absence of trans-
383verse maxillary discrepancy in the mixed dentition stage. The
384radiographic presence of the canine in sector II, III, or IV presents
385a high risk of canine impaction. It is therefore recommended
386that in future studies may be carried out to evaluate the effec-
387tiveness of deciduous canine extraction and maxillary orthope-
388dic expansion in cases of maxillary transverse discrepancy with a
389potential of canine impaction. Also, occlusal radiograph or CBCT
390may serve as a useful diagnostic tool for future studies [23].
391Conclusion
392There was no significant association between maxillary trans-
393verse discrepancy and occurrence of potentially impacted max-
394illary canines in mixed dentition patients, thus indicating that
395patients having maxillary transverse discrepancy in the mixed
396dentition may not be at a higher risk of palatal canine impaction.
397Radiological presence of canine in sector II, III and IV, pose a
398higher risk of canine impaction.
399Funding: this study was funded by Q3University Research Council Grant from
400the Aga Khan University, Karachi, Pakistan. Grant number: 08GS0036SUR.
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